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Abstract
The following describes a protocol for the one-pot deprotection and reductive amination of
N-Boc-3-amino-4-halopyridines. The intermediate 3-amino-4-chloropyridinium trifluoroacetate
salt combined with trimethylsilyl trifluoromethanesulfonate (TMSOTf) effectively facilitates
condensation with a carbonyl moiety. The corresponding imine is subsequently reduced using
sodium triacetoxyborohydride. The product, N-alkyl-3-amino-4-halopyridines, provides an
effective synthon for our previously reported synthesis of imidazo[4,5-c]pyridines. The current
approach greatly improves upon previously alkylation methods of these aryl amines; providing an
expanded substrate scope with excellent yields.
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Introduction
Nitrogen-containing heterocycles are common structural motifs in numerous biologically
active molecules and drug targets. Among the nitrogen-containing heterocycles that are of
synthetic and biological interest, many contain an imidazopyridine scaffold.1,2 Imidazopyridines
are heteroaromatic compounds comprised of a fused pyridine and imidazole system (Figure 1).

Figure 1: Imidazopyridine nomenclature with selected examples.

Imidazopyridine derivatives display a variety of biological activity (Figure 2).3–8 A class
of imidazopyridine containing compounds called 3-deaza-adenosines have exhibited antiviral
properties by inhibiting reverse transcriptase and viral methylation when substituted with ribose
analogs at the N-1 position. It is thought that these moieties could be potent inhibitors of p24
antigen production for HIV.3

1

Figure 2: Biologically active molecules containing imidazopyridine scaffold

Pentosidine is an advanced glycation end product (AGE) found in human tissue.4
Moreover, it is a biological fluorophore and is being developed as a non-invasive chemical marker
to detect type 2 diabetes, kidney dysfunction, and age-related diseases.5 In addition, pentosidine
has recently been used as a singlet oxygen sensitizer using near-infrared excitation.6 Ageladine A,
another example, is an anticancer natural product isolated from the marine sponge Agelas
nakamurai. It is thought to inhibit matrix metalloproteinases (a kinase) and serves as an
antiangiogenic by limiting tumor growth.7,8
The abundant number of examples of biologically active compounds containing
imidazopyridine scaffolds enticed synthetic chemists to create a generic synthesis. Orthodiaminopyridines (10 and 11) are common synthons for imidazo[4,5-b/c]pyridines (15 and 16)
when treated with carboxylic acids,9,10 N,N-dimethylformamide dimethyl acetal,11 or orthoesters12
to yield the desired product via condensation (Scheme 1).
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Scheme 1: Classic synthesis of imidazo[4,5-b/c]pyridines

Substitution at the C-2 position is well established using these methodologies. In addition,
Senanayake et al. devised an efficient synthesis of 1H imidazo[4,5-b]pyridines 21 (Scheme 2).13
Scheme 2: Senanayake’s synthesis of imidazo[4,5-b]pyridines

Using a condensation reaction followed by a Hofmann rearrangement, Senanayake formed
the urea 20. The imidazopyridine was synthesized using MgCl2, a carboxylic acid and its
corresponding anhydride to induce condensation from the urea. This work provided an efficient
synthesis of imidazo[4,5-b]pyridines and offered additional C-substitution.
Until recently, synthesis of N-substituted imidazopyridines has been difficult to access and
routes were inefficient. A selective, direct substitution of imidazopyridine is reported to be difficult
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to control. For example, a direct alkylation of imidazo[4,5-b]pyridine 3 using sodium hydride and
benzyl bromide yielded a mixture of regioisomers (Scheme 3).14
Scheme 3: N-alkylation of imidazo[4,5-b]pyridine

In addition, ortho-diaminopyridines are difficult to directly alkylate selectively using
reductive amination conditions.14,15 To circumvent the selectivity issues, additional steps are often
required; Khanna et al. started from 2-amino-3-nitro-pyridine 25 to construct N-alkyl-imidazo[4,5b]pyridines 22 and 23 (Scheme 4).14
Scheme 4: Khanna’s synthesis of imidazo[4,5-b]pyridine

After formylation and subsequent reduction with Raney nickel and H2, their key
intermediate 27, was subjected to reductive alkylation of the amine or based mediate alkylation of
4

the amide to yield N-1-alkyl-imidazo[4,5-b]pyridines 22 and N-3-alkyl-imidazo[4,5-b]pyridines
23 respectively. In an alternative synthesis, Caron was able to selectively acylate 3,4
diaminopyridine 10 in order to synthesize imidazo[4,5-c]pyridine 30 regioselectively (Scheme
5).15
Scheme 5: Caron’s synthesis of imidazo[4,5-c]pyridines

The authors noted that the initial regioselective functionalization was dependent on the
electrophile as well as the more nucleophilic amine at the 3-position; dicarbonates are afforded the
carbamate at the 4-postion where acid chlorides were selective for the 3-position. The first route
to N-3-alkyl-imidazo[4,5-c]pyridine 30 required reduction of the amide 28 with lithium aluminum
hydride. The second route involved a selective Boc protection and subsequent reductive amination
to yield 32. The reductive amination product was carried over crude. Both routes use chloroacetic
anhydride to cyclize and form the desired product. Caron and Khanna required costly additional
steps to provide regioselectively alkylated imidazopyridines.
In 2007, Ma and Buchwald independently developed metal-catalyzed coupling reactions
to afford N-substituted intermediates that were subsequently cyclized via condensation.
Regioselectivity was determined using halogen substituted pyridines. Ma et al. used a copper5

catalyzed amination of 3-amido-2-bromopyridine 33 with a primary alkyl amine 34 then
subsequent condensation using acetic acid and/or heat to afford N-3 substituted imidazo[4,5b]pyridines 35 (4 examples) (Scheme 6).16
Scheme 6: Ma’s synthesis of imidazo[4,5-b]pyridines

A single example was reported by Buchwald et al. using a palladium-catalyzed amination
and cyclization using 3-amido-2/4-chloropyridine (36 and 37) and 2-methylaniline to afford N-3aryl-imidazo[4,5-b]pyridine 39 and N-1-aryl-imidazo[4,5-c]pyridine 40 respectively (Scheme
7).17
Scheme 7: Buchwald’s synthesis of imidazo[4,5-b/c]pyridines

In 2012, the Clark group reported a palladium-catalyzed cross-coupling with formamide
and N-substituted 3-amino-2-chloropyridines 42 to gain access to N-1 substituted imidazo[4,5b]pyridines 44 (16 examples) (Scheme 8).18
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Scheme 8: Clark’s synthesis of imidazo[4,5-b]pyridines

Subsequently, this methodology was utilized as a key step in their synthesis of pentosidine.5
Additionally, Clark et al. expanded and optimized the aforementioned protocol which utilized
Xantphos as a cheaper phosphine. This protocol allowed the use of previously challenging
substituted pyridines 42, and included a larger scope of amide coupling partners 47 (Scheme 9).19
Scheme 9: Clark’s improved synthesis of imidazo[4,5-b]pyridines

This methodology starts from the cheaper starting material in 3-amino-2-chloropyridine
compared to 2,3 diaminopyridine. 3-amino-2-chloropyridine can be directly alkylated or arylated
using a trifluoroacetic acid (TFA) mediated reductive amination and Chan-Lam copper catalyzed
7

coupling respectively to afford 42. Additionally, using numerous amide coupling partners afforded
additional C-2 substituted imidazo[4,5-b]pyridines 48. This synthesis of N-substituted
imidazo[4,5-b]pyridines was a benchmark of practicality and efficiency we strived for in
developing the synthesis of imidazo[4,5-c]pyridines.
In 2014, Clark et al. reported a similar palladium-catalyzed amidation and subsequent
condensation approach with N-substituted 3-amino-4-chloropyridine 50 and formamide to afford
N-3 substituted imidazo[4,5-c]pyridines 51 (14 examples) (Scheme 10).20
Scheme 10: Clark’s synthesis of imidazo[4,5-c]pyridines

Although the palladium catalyzed amidation and cyclization provided a gateway to N-3
substituted imidazo[4,5-c]pyridines 51, efficient and economical access to N-substituted 3-amino4-chloropyridine 50 was difficult. 3-amino-4-chloropyridine is commercially more expensive than
its regioisomer 3-amino-2-chloropyridine. In addition, 3-amino-4-chloropyridine required
constant repurification because discoloration occurred within minutes upon standing on bench top.
We sought a means to synthesize a bench stable alternative using a route that was scalable, and a
starting material that we could effectively functionalize to afford N-substituted 3-amino-4chloropyridine 50. Starting from inexpensive commercially available 3-aminopyridine, a facile
8

and scalable (up to 200 mmol) mono-Boc protection afforded the N-Boc-3-aminopyridine 54 in
excellent yield (Scheme 11).
Scheme 11: Synthesis of N-Boc-3-amino-4-halopyridines

This mono-Boc protection strategy serves many purposes. The carbamate is a useful
directing group for directed lithiation at the 4-position and subsequent electrophilic halogenation
to afford N-Boc-3-amino-4-halopyridines (55-57) in good yield on a 100 mmol scale. The
electrophilic halogen sources used in this study included hexachloroethane, 1,2-dibromoethane,
and iodine to yield 55, 56 and 57, respectively. Quéguiner et al. previously reported a similar
directed metalation, albeit with the use of a pivaloyl directing group, which must be removed under
harsher conditions.21 Boc-removal is known to be a facile process compared to other lithiate
directors.21–23 Additionally, the Boc-protected 3-amino-4-halopyridines was bench stable for at
least six months without noticeable discoloration or degradation.24
However, even gaining access to a starting material in N-Boc-3-amino-4-chloropyridine,
which is cheaper to make than acquiring and maintaining 3-amino-4-chloropyridine, derivatization
of these starting materials to afford N-substituted 3-amino-4-chloropyridine 50 failed using
previously mentioned reductive amination and Chan-Lam coupling methodologies (Scheme 12).20
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Scheme 12: Previously implemented reductive amination methodologies

A less desirable, two-step, base mediated mono-alkylation then acid-mediated Bocremoval method was carried out to yield N-alkylated-3-amino-4-chloropyridines in order to
implement previously reported chemistry to afford N-3-alkyl-imidazo[4,5-c]pyridines.20 The use
of expensive alkyl and benzyl halides, the two required workups and poor yields greatly detracted
from the practicality of our imidazo[4,5-c]pyridine synthesis. It is the goal of this work to improve
the alkylation methodology of N-Boc-3-amino-4-chloropyridines.
Undeterred by previous efforts, we were determined to develop a reductive amination
protocol to strengthen our overall methodology. Reductive amination remains one of the simplest,
mildest, and most affordable methods for forming C-N bonds and has been thoroughly investigated
(Scheme 13).12,25–31 Imines and iminiums 64 are formed from the condensation of various amines
62 and ketones and aldehydes 63. Condensation is typically facilitated using acids and/or
desiccants. The reduction of the imine is mediated by various reducing agents that enable selective
reduction of the imine over the aldehyde or ketone.
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Scheme 13: General reaction scheme and mechanism of reduction amination

However, there are still limitations to this chemistry. Generally, more weakly-basic amines
require stronger acids to facilitate the conversion to the imine/iminium.25,26 Some examples include
aforementioned TFA-mediated reductive amination of 3-amino-2-chloropyridines to afford N-1
alkylated imidazo[4,5-b]pyridines. McLaughlin et al. developed these reductive amination
conditions of weakly-basic anilines 66 and pyridines 67 to afford N-substituted indoles 70 and
azaindoles 71 (Scheme 14).25
Scheme 14: McLaughlin’s synthesis of indoles and azaindoles

However, it has been noted that selectivity between the reduction of the imine and that of
carbonyl moieties decreases with increased acid strength.25,31 With this understanding, pushing the
limits of acid strength to facilitate conversion to the imine for 3-amino-4-chloropyridine could lead
to competitive reduction of the carbonyl. Alternatively, working with such acidic media also
presents an opportunity to facilitate Boc-removal in situ. These enticing possibilities lead us to
develop a one-pot methodology in which N-Boc-3-amino-4-halopyridine was reductively

11

alkylated with sodium triacetoxyborohydride (STAB) to afford N-substituted-3-amino-4halopyridines.
Results and Discussion
Initial investigations began with a screen of various Brønsted and Lewis acids that were
known to facilitate both Boc removal and assist in reductive amination (Table 1). STAB was
explored as the reducing agent because of its previously cited selectivity for reductive
amination.26,31–33 Other reducing agents were investigated such as sodium borohydride and sodium
cyanoborohydride; however, STAB was found to be a far superior reducing agent. We began by
investigating TFA because of its prevalence in literature to deprotect the Boc group and mediate
reductive amination of weakly basic amines.19,23,25 It was found that Boc-removal was effectively
cleaved within minutes using 10 equivalents of neat TFA. The corresponding 3-amino-4chloropyridinium trifluoroacetate salt 72 could be isolated at this stage upon concentration in
vacuo. Ammonium salts have been reported to facilitate reductive amination.26 The isolated
pyridinium was found to work well under reductive amination conditions, yielding moderate
reductive amination results (entry 1). Additional equivalents of TFA appeared to aid the reduction
(entries 2-4). Unfortunately, the presence of excess TFA led to competitive reduction of
benzaldehyde thus yielding large amounts of “free” amine 73 which resulted in a moderate yield
of desired product 50a (entry 4). It was apparent that the reduction of the imine was problematic.
Our attention turned to the idea of using Lewis acids for deprotection and reductive amination.
Various Lewis acids were included in the screening because they have been previously used to
mediate reductive amination.28,32
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Table 1: Deprotection and reductive amination acid screen

Entrya
1
2
3
4
5b
6b
7b
8b
9
10
11
12c

Additional
Acid (Equiv)
TFA (1)
TFA (2)
TFA (10)
BF3 . OEt2 (5)
TiCl4 (5)
AlCl3 (5)
TMSOTf (5)
TMSOTf (2)
TfOH (1)
TMSOTf (1.1)
TMSOTf (2)

% Yield 73

% Yield 74

% Yield 75

% Yield 50a

55
12
32
31
15
33
63

9
12
21
10
20
12

45
33
28
4
-

45
53
63
30
19
12
10
53
90
50
55
-

a

Yields were determined using H1 NMR with a mesitylene internal standard. bLewis acids were used to deprotect the
Boc group without TFA. cReaction was carried out without carbonyl containing substrates under standard conditions.

Boc-removal was achieved within minutes by replacing TFA and using boron trifluoride
diethyl etherate, titanium (IV) chloride, and aluminum trichloride (entries 5-7). However, these
Lewis acids were ineffective at mediating the corresponding reductive amination in situ. Instead,
competitive reduction of the aldehyde resulted in the formation of large amounts of the
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corresponding alcohol as observed by TLC and proton NMR analysis. Interestingly, an ethylated
byproduct 74 was observed in some cases, resulting from self-reduction of sodium
triacetoxyborohydride. The in situ generated acetaldehyde then undergoes reductive amination.
This phenomenon has previously been reported when using this reagent.33 Verification of the
structure 74 was accomplished by a two-step alkylation of the starting substrate 55 with
bromoethane followed by removal of the Boc group. In addition, the pyridinium trifluoroacetate
72 was treated with TMSOTf and STAB without benzaldehyde to yield 12% of the mono-ethylated
amine 74 and 88% of amine 73 (entry 12). Further screening revealed that trimethylsilyl
trifluoromethanesulfonate (TMSOTf) demonstrated promising reactivity (Entry 8). Optimization
using solely TMSOTf met with little success because the formation of 74, competitive carbonyl
reduction, and inconsistent yields. It was surmised that the pyridine might act as a buffer in the
reaction (Scheme 15).
Scheme 15: Possible mechanism of TMSOTf mediated reductive amination

During TMSOTf-mediated condensation to form the iminium 78, a proton source is
generated in situ and ultimately consumed to form a pyridinium species 79. This consumption of
14

a proton source effectively limits reduction because the iminium species is required for reduction.29
This hypothesis prompted us to try TMSOTf with the pyridinium trifluoroacetate salt 72. After the
formation of 72, benzaldehyde and TMSOTf were added to yield great success upon reduction
(entry 9). The necessity of TMSOTf was also investigated by using 1 equivalent of triflic acid
(entry 10). Competitive reduction and consumption of benzaldehyde was observed. The
trimethylsilyl group may function as a suitable desiccant to drive imine formation.28 Attempts to
minimize the equivalents of Lewis acid and benzaldehyde yielded competitive ethylation due to
the excess NaBH(OAc)3 required for reduction (entry 11). It was possible to use fewer equivalents
of TMSOTf (1.1), aldehyde (1.1) and NaBH(OAc)3 (1.5) for more electron-rich aryl aldehydes
(i.e. 2,3-dimethoxybenzaldehyde 88% crude yield); however, it was not general. For most
substrates, the imine was allowed to form for 1 hour and required 24 hours for reduction. In an
effort to accommodate a diversity of carbonyl substrates, the following conditions were used for
further evaluation: 2 equivalents of the carbonyl substrate, 2 equivalents of TMSOTf, and 3
equivalents of NaBH(OAc)3 relative to N-Boc-3-amino-4-chloropyridine (entry 9).
Even with our optimized conditions, another problem arose. It was difficult to separate the
product 50a from the byproducts, which included the alcohol formed from the reduction of excess
carbonyl, the imine 75, the free amine 73, and left over aldehyde, solely using column
chromatography. For most aryl aldehydes, the benzyl alcohol had very similar retention factors as
the corresponding reductive amination product. From this problem, an economic purification
method was developed. The crude product material was dissolved in diethyl ether and treated with
2 equivalents of 1M ethereal HCl. The product would precipitate out of solution and filtered to
remove the benzyl alcohol. The remaining hydrochloric salt was free based and the desired product
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was isolated with high purity. Typically, the remaining impurity was the free amine 72 and the
material could be easily purified with column chromatography if necessary.
With our standard conditions in hand, we achieved a 79% isolated yield using
benzaldehyde to provide N-benzyl-3-amino-4-chloropyridine 50a (Table 2, entry 1). A large scale
reaction using this substrate was performed on a 15 mmol scale and 83% isolated yield of 50a was
obtained without column chromatography. In addition, isolated and crystallized pyridinium
trifluoroacetate 72 was subjected to standard conditions and an 83% isolated yield was obtained.
We were pleased that our methodology and purification protocol showed tolerance to a large scope
of carbonyl and 3-amino-4-halopyridine substrates. Good to excellent yields were obtained with a
diverse group of halo-substituted aryl aldehydes (entries 2-5). Similar results were seen with
electron-withdrawing substrates (entries 6-8). The cinnamyl substrate, entry 9, was isolated with a
76% yield and the trans-olefin was maintained during the reduction. In addition, biphenyl
functionality, entry 10, was introduced with an 86% isolated yield. Numerous electron-rich
carbonyl substrates (entries 11-20) were implemented in the substrate scope with tolerance of the
acidic reaction conditions and purification methods. The furfuryl substrate, entry 11, showed
tolerance of acidic reaction conditions and acidic purification conditions (55% isolated yield). 4methylbenzyl, piperonyl, and 2,3-dimethoxybenzyl substrates, entries 12-14, were obtained in
excellent yields. Acid labile substrates (entries 15 and 16), 2,4- and 2,5-dimethoxybenzyl,23 were
obtained without the addition of TMSOTf and the shorter reduction time of 1 hour. Non-enolizable
and sterically encumbering neopentyl substrate (entry 17) was obtained in excellent yield.
Enolizable aliphatic aldehydes (entries 18 and 19) could be isolated in good to moderate yield
without using TMSOTf. Note: these substrates are often prone to overalkylation and require
chromatography. Cyclohexanone (entry 20), performed well under the reaction conditions.
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Table 2: Substrate scope for one-pot Boc-removal/reductive amination

Entrya

Product

% Yield

1

R= CH2(C6H5)

50a

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

R= CH2(4-Br-C6H4)
R= CH2(2-Cl-C6H4)
R= CH2(4-F-C6H4)
R= CH2(4-Cl-C6H4)
R= CH2(4-CN-C6H4)
R= CH2(4-NO2-C6H4)
R= CH2(4-CF3-C6H4)
R= CH2cinnamyl
R= CH2(4-Ph-C6H4)
R= CH2furfuryl
R= CH2(4-Me-C6H4)
R= CH2piperonyl
R= CH2(2,3-OMe-C6H3)
R= CH2(2,4-OMe-C6H3)
R= CH2(2,5-OMe-C6H3)
R=CH2t-butyl
R= n-butyl
R= CH2Cy
R= Cy

50b
50c
50d
50e
50f
50g
50h
50i
50j
50k
50l
50m
50n
50o
50p
50q
50r
50s
50t

17

79
83b
83c
92
77
76
82
73
91
73
76
86
55
88
86
83
70
76
85
68
80
75

21
22
23
24

R= CH2(C6H5)
R= CH2(4-Me-C6H4)
R= CH2(4-Cl-C6H4)
R= CH2(2,3-OMe-C6H3)

82a
82b
82c
82d

75
83
72
80

25
26
27
28

R= CH2(C6H5)
R= CH2(4-Me-C6H4)
R= CH2(4-Cl-C6H4)
R= CH2(2,3-OMe-C6H3)

83a
83b
83c
83d

78
78
88
85

a

Substrates sampled with their corresponding isolated percent yields. bReaction performed on a 15mmol scale.
Reaction was performed with isolated 3-amino-4-chloropyridinium trifluoroacetate that sat on the bench for one
week.
c

In addition, 4-bromo- and 4-iodo-3-aminopyridines, performed well with a variety of
carbonyl substrates under analogous conditions (entries 21-28). It should be noted that most aryl
aldehyde substrates can be obtained in high purity following the general procedure purification
protocol without column chromatography. Column chromatography was performed to provide a
pure sample for the necessary analytical data.
Conclusion
In summary, we have greatly improved the practicality of the synthesis of N-3 substituted
imidazo[4,5-c]pyridines. A directed metalation methodology was expanded to include more
halogen electrophiles. A useful one-pot, two-step protocol was developed to alkylate N-Boc-3amino-4-halopyridines. An acid-mediated precipitation and subsequent free-basing purification
methods provide the mono-alkylated amine in high purity. These combined efforts enabled an
efficient synthesis of N-alkylated 3-amino-4-halopyridines.

18

Appendix I: Experimental
General Procedures:
Unless otherwise indicated, all reactions were conducted in over-(175oC) or flame-dried
glassware using distilled and degassed solvents under positive pressure of dry argon with standard
Schlenk techniques. All air-sensitive reagents were stored in an MBraun labmaster glovebox
containing dry argon gas. Dry tetrahydrofuran (THF), toluene, acetonitrile (CH3CN), and
dichloromethane (DCM) were obtained by passing commercially available pre-dried, oxygen-free
formulations through two activated alumina columns using as MBraun MB-SPS solvent
purification system. Stainless steel syringes or cannulae that had been over-dried (175oC) and
cooled under an argon atmosphere or in a desiccator were used to transfer- and moisture-sensitive
liquids. Yields refer to chromatographically and spectroscopically (1H NMR) homogeneous
materials, unless otherwise stated. Reactions were monitored by thin-layer chromatography (TLC)
carried out on precoated glass plates of silica gel (0.25 mm) 60 F254 from EMD Chemicals Inc.
using the indicated solvent system. Visualization was accomplished with ultraviolet light (UV 254
nm). Alternatively, plates were treated with one of the following solution (this was accomplished
by holding the edge of the TLC plate with forceps and immersing the plate into a wide-mouth jar
containing the desired staining solution) and carefully heating the a hot-air gun (450oC) for
approximately 1-2 min (NOTE: excess stain was removed by resting the TLC on a paper towel
prior

to

heating):

anisaldehyde

in

ethanol

with

10%

sulfuric

acid

and

4-

dimethylaminobenzaldehyde in hydrochloric acid solution (Ehrlich’s solution). Flash column
chromatography was performed using Silia Flash® P60 silica gel (40-63 μm) from Silicycle. All
work-up and purification procedures were carried out with reagent grade solvents (purchased from
VWR) in air.
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Instrumentation:
Infrared (IR) spectra were recorded on a Thermo Nicolet IR-100 spectrometer, νmax in
cm-1, and were obtained from samples prepared as thin films between KBr plates. 1H NMR spectra
were recorded on a Bruker Avance DPX-300 (300 MHz) spectrometer and Bruker Avance III HD
(400 MHz) spectrometer with CryoProbe Prodigy. Chemical shifts are reported in parts per million
(ppm) and are calibrated using residual undeuterated solvent as an internal reference (CDCl 3: δ
7.26 ppm). Data are reported as follows: chemical shift, multiplicity, integration, and coupling
constants (Hz). The following abbreviations or combinations thereof were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, pent = pentetept = septet, m =
multiplet, at = apparent triplet, aq = apparent quartet, br/b = broad. 13C NMR spectra were
recorded on a Bruker Avance DPX-300 (75 MHz) spectrometer and Bruker Avance III HD (100
MHz) spectrometer with CryoProbe Prodigy with complete proton decoupling. Chemical shifts
are reported in ppm and are calibrated using residual undeuterated solvent as an internal reference
(CDCl3: δ 77.16 ppm). 19F NMR spectra were recorded on a Bruker Avance DPX-300 (282.4
MHz) spectrometer and Bruker Avance III HD (376.5 MHz) spectrometer with CryoProbe
Prodigy. 19F NMR decoupled experiments used (α,α,α)trifluoromethylbenzene as an internal
standard (-63.3) in CDCl3 and (CD3)2SO samples. Melting points (MP) are uncorrected and were
recorded using an Electrothermal Mel-Temp® melting point apparatus. Elemental Analyses were
performed on a Costech ECS 4010 elemental analyzer with a thermal conductivity detector and 2
meter GC column maintained at 65°C.
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N-Boc-3-amino-4-chloropyridine20 (55)

To a flamed-dried 3 neck round bottom flask equipped with a magnetic stir bar, addition funnel,
immersion thermometer, and septum was charged with N-Boc-3aminopyridine and 1,2
dimethoxyethane (~0.3 M). The reaction mixture was cooled to -78 °C (dry ice/acetone) and nBuLi
(2.4 eq, hexanes solution) was added dropwise to yield an opaque mixture that was allowed to
warm to -20 °C and stir for 2 hours. The reaction mixture was again cooled to -78 °C and a solution
of electrophilic halogen source (1.5 eq) in 1,2 dimethoxyethane (~1.6 M) was added dropwise.
The resulting solution was allowed to warm to room temperature with removal of cooling bath and
stir overnight. The reaction was quenched by the addition of saturated ammonium chloride and the
layers were separated. The aqueous layer was extracted 3 times with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted filter, and then concentrated in vacuo. The crude material was adsorbed
onto silica gel and loaded directly onto silica gel column eluted with 30% ethyl acetate: hexanes.
MP 105 – 106 °C
1H

NMR (400 MHz, CDCl3) δ = 9.36 (s, 1H), 8.20 (d, J= 5.2 Hz, 1H), 7.29 (d, J= 5.2, 1H), 6.83

(bs, 1H), 1.55 (s, 9H)
13C

NMR (100 MHz, CDCl3) δ = 152.0, 144.2, 142.2, 132.7, 131.1, 123.8, 82.1, 28.4
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N-Boc-3-amino-4-bromopyridine (56)

To a flamed-dried 3 neck round bottom flask equipped with a magnetic stir bar, addition funnel,
immersion thermometer, and septum was charged with N-Boc-3aminopyridine and 1,2
dimethoxyethane (~0.3 M). The reaction mixture was cooled to -78 °C (dry ice/acetone) and nBuLi
(2.4 eq, hexanes solution) was added dropwise to yield an opaque mixture that was allowed to
warm to -20 °C and stir for 2 hours. The reaction mixture was again cooled to -78 °C and a solution
of electrophilic halogen source (1.5 eq) in 1,2 dimethoxyethane (~1.6 M) was added dropwise.
The resulting solution was allowed to warm to room temperature with removal of cooling bath and
stir overnight. The reaction was quenched by the addition of saturated ammonium chloride and the
layers were separated. The aqueous layer was extracted 3 times with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted filter, and then concentrated in vacuo. The crude material was adsorbed
onto silica gel and loaded directly onto silica gel column eluted with 30% ethyl acetate: hexanes.
MP 108 - 109 °C
Rf 0.41 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ = 9.31 (s, 1H), 8.10 (d, 1H, J=5.20 Hz), 7.45 (dd, 1H, J=5.24,

0.20Hz), 6.83 (bs, 1H), 1.54 (s, 9H)
13C

NMR (100 MHz, CDCl3) δ = 152.0, 144.3, 142.3, 133.9, 127.1, 122.2, 82.1, 28.4;

FT-IR (KBr pellet) ν = 3228, 3125, 1974, 1727, 1568, 1456, 1164 cm-1
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Anal. Calc. C10H13BrN2O2 C, 43.97; H, 4.80; N, 10.26; Found C, 43.78; H, 4.81; N, 10.00
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N-Boc-3-amino-4-iodopyridine (57)

To a flamed-dried 3 neck round bottom flask equipped with a magnetic stir bar, addition funnel,
immersion thermometer, and septum was charged with N-Boc-3aminopyridine and 1,2
dimethoxyethane (~0.3 M). The reaction mixture was cooled to -78 °C (dry ice/acetone) and nBuLi
(2.4 eq, hexanes solution) was added dropwise to yield an opaque mixture that was allowed to
warm to -20 °C and stir for 2 hours. The reaction mixture was again cooled to -78 °C and a solution
of electrophilic halogen source (1.5 eq) in 1,2 dimethoxyethane (~1.6 M) was added dropwise.
The resulting solution was allowed to warm to room temperature with removal of cooling bath and
stir overnight. The reaction was quenched by the addition of saturated ammonium chloride and the
layers were separated. The aqueous layer was extracted 3 times with ethyl acetate. The combined
organic layers were washed with brine, dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted filter, and then concentrated in vacuo. The crude material was adsorbed
onto silica gel and loaded directly onto silica gel column eluted with 30% ethyl acetate: hexanes.
MP 87 - 88 °C
Rf 0.41 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ = 9.14 (s, 1H), 7.91 (d, 1H, J=5.12 Hz), 7.69 (d, 1H, J=5.12Hz),

6.66 (bs, 1H), 1.55 (s, 9H)
13C

NMR (100 MHz, CDCl3) δ = 152.2, 144.6, 142.1, 136.6, 133.7, 99.7, 82.0, 28.4

FT-IR (KBr pellet) ν = 3381, 3068, 2980, 1726, 1561, 1509, 1250 cm-1
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Anal. Calc C10H13N2IO2 C, 37.52; H, 4.09; N, 8.75 Found C, 37.78; H, 4.05; N, 8.74
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3-amino-4-chloropyridinium trifluoroacetate (72)

To a 25mL round bottom flask and magnetic stir bar was charged with N-Boc-3-amino-4chloropyridine (228mg, 1.0 mmol) and TFA (741 μL, 10 mmol). Upon completion of the Bocremoval, the yellow solution was concentrated in vacuo to yield 231 mg of a pale yellow solid
(95%).
MP 134-135 °C
Rf 0.12 1:1 ethyl acetate:hexanes
1H

NMR (400 MHz, CDCl3) δ= 8.56 (s, 1H), 7.91 (d, J = 5.8 Hz, 1H), 7.58 (d, J = 5.84 Hz, 1H)

13C

NMR (100 MHz, (CD3)2SO) δ= 159.2 (q, JC-F = 34.1 Hz), 144.2, 131.0, 130.4, 129.7, 126.6,

116.6 (q, JC-F = 293.4 Hz)
19F

NMR (376.5 MHz, CDCl3) δ= -76.2

FT-IR (KBr pellet) ν =3375, 3196, 3044, 2644, 2112, 1675, 1560, 1489, 1206, 1171, 1132, 1064,
794 cm-1
Anal. Calc C7H6ClF3N2O2: C, 34.66; H, 2.49; N, 11.55; Found: C, 34.63; H, 2.65; N, 11.51;
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N-(benzyl)-3-amino-4-chloropyridine (50a)

To a 25 mL round bottom flask and oven dried magnetic stir bar was added N-Boc-3-amino-4chloropyridine (1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via
syringe under argon at ambient temperature. Vigorous gas evolution was observed and a clear,
yellow solution was formed. After 15 minutes, the deprotection was judged complete by TLC
analysis (Rf = 0.20 in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo,
washed with 1 ml ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next,
2 mL (0.5 M) of dichloromethane was added to form a yellow suspension. Benzaldehyde (204 μL,
2 mmol) was added directly via syringe to yield a yellow suspension. Trimethysilyl
trifluoromethanesulfonate (362 μL, 2 mmol) (TMSOTf) was added dropwise yielding a bright pink
suspension. After 1 hour, sodium triacetoxyborohydride (636 mg, 3.0 mmol) was added directly
to the suspension in one portion. After 24 hours, the dark orange solution was quenched with 10
mL of 20% (w/v) NaOH (aq) then 10 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield an orange oil. The crude
material was dissolved in 25 mL of diethyl ether and 2 mL of 1M HCl in ether (2 equivalents) was
added dropwise to the vigorously stirring ether solution at room temperature. The resulting slurry
was allowed to stir for 1 hour in a 0 °C (ice/water) and solvent was removed by needle filtration.
The resulting solid was washed with an additional 25 mL of diethyl ether and needle filtered again.
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The resulting salt was treated with 20 mL of 20% (w/v) NaOH aqueous solution and 20 mL of
DCM. The aqueous layer was extracted with 15mL DCM and the combined organic layers were
dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield 193 mg of pale yellow solid containing 5% of 3-amino-4chloropyridine. The product could be further purified via flash column chromatography, eluted
with 3% ethyl acetate: 3% triethylamine: 3% benzene: 91% hexanes to yield 173 mg of pale yellow
crystalline solid (79%).
MP 100-103 °C
Rf 0.42 1:1 ethyl acetate:hexanes
1H

NMR (400 MHz, CDCl3) δ= 8.02 (s, 1H), 7.90 (d, J = 5.1 Hz, 1H), 7.38 - 7.29 (m, 5H), 7.20

(d, J = 5.1 Hz, 1H), 4.62 (bs, 1), 4.46 (d, J = 5.7 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 140.3, 138.9, 137.9, 133.8, 128.9, 127.7, 127.6, 127.4, 123.8,

47.7
FT-IR (KBr, pellet) ν = 3428, 1636, 1579, 1312, 1259, 1069, 807, 696, 526 cm-1
Anal. Calc. C12H11ClN2 C, 65.91; H, 5.07; N, 12.81 Found. C, 65.79; H, 5.08; N, 12.80
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N-(4-bromobenzyl)-3-amino-4-chloropyridine (50b)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). Solution was concentrated in vacuo, washed with 1 mL ethyl acetate,
and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a yellow suspension. 4bromobenzaldehyde (370 mg, 2 mmol) was added directly and in one portion to form a yellow
solution. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and solution foamed and turned a brown color. After 1 hour, sodium
triacetoxyborohydride (636 mg, 3 mmol) was added directly to the reaction mixture in one portion.
After 22 hours, 10 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture then 10 mL of
dichloromethane. The resulting two layers were separated using a separatory funnel. The aqueous
layer was extracted with dichloromethane (3x15mL). The combined organic layers were washed
with 30 mL of brine, dried with MgSO4, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield a thick pale orange opaque oil. 1H NMR analysis using mesitylene
internal standard indicated a crude yield of 89%. The crude was concentrated again and dissolved
in 100 mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry
was stirred for 1 hour at 0oC then needle filtered at room temperature. The resulting solid was
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washed with 100 mL of diethyl ether and needle filtered again. The resulting solid was collected
with 20 mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers
and extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers
were dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield 273 mg of pale orange crystalline solid (92%).
MP 104-105 °C
Rf 0.65 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 7.96 (s, 1H), 7.91 (d, J= 4.8 Hz, 1H), 7.49 (m, 2H) , 7.24 (m, 2H),

7.20 (d, 5.1 Hz, 1H), 4.63 (bs, 1H), 4.43 (d, J= 5.8, 2H)
13C

NMR (100 MHz, CDCl3) δ= 140.2, 139.4, 137.0, 133.9, 132.2, 129.1, 127.9, 124.0, 121.7,

47.2
FT-IR (KBr, pellet) ν = 3244, 1577, 1512, 1407, 1329, 1234, 1073, 1009, 813, 477 cm-1
Anal. Calc. C12H10ClN2Br C, 48.43; H, 3.39; N, 9.41 Found. C, 48.43; H, 3.49; N, 9.58
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N-(2-chlorobenzyl)-3-amino-4-chloropyridine (50c)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a pale yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a pale yellow suspension. 2chlorobenzaldehyde (225 μL, 2 mmol) was added directly and in one portion to form a pale yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a brown mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into a light brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq)
was added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown solid. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 82%. The crude was
concentrated again and dissolved in 200 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 200 mL of diethyl ether and needle filtered
again. The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20%
NaOH. Separated the resulting two layers and extracted the aqueous layer with dichloromethane
(2 x 15 mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield an orange oil. Crude oil
was subjected to flash column chromatography (14cm x 1.5cm) eluted with 400 mL at 3% ethyl
acetate: 3% triethylamine: 3% benzene: 91% hexanes to yield 196 mg of an pale yellow crystalline
solid (77%).
MP 81-83 °C
Rf 0.47 in 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.01 (s, 1H), 7.93 (d, J= 5.1 Hz, 1H), 7.46-7.38 (m, 2H), 7.30-

7.27 (m, 2H), 7.23 (d, J= 5.1 Hz, 1H), 4.79 (bs, 1H), 4.61 (d, J= 6.1 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 140.1, 139.3, 135.2, 134.0, 133.6, 130.0, 129.1, 129.0, 127.9,

127.3, 124.0, 45.5
FT-IR (KBr, pellet) ν = 3245, 3068, 2955, 1583, 1558, 1509, 1417, 1330, 1259, 1069, 1037, 989,
811, 749, 695, 569, 436 cm-1
Anal. Calc. C12H10Cl2N2 C, 56.94; H, 3.98; N, 11.07 Found. C, 56.91; H, 3.98; N, 11.09
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N-(4-fluorobenzyl)-3-amino-4-chloropyridine (50d)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a yellow suspension. 4fluorobenzaldehyde (215 μL, 2 mmol) was added directly via syringe and in one portion to form a
yellow suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was
added dropwise via syringe and solution turned a purple color. After 1 hour, sodium
triacetoxyborohydride (636 mg, 3 mmol) was added directly to the reaction mixture in one portion
(bubbling and exotherm) and turned into a pale orange mixture. After 24 hours, 20 mL of 20%
(w/v) NaOH (aq) was added to the reaction mixture then 20 mL of dichloromethane. The resulting
two layers were separated and the aqueous layer was extracted with dichloromethane (3x15mL).
The combined organic layers were washed with 30 mL of brine, dried over anhydrous magnesium
sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a yelloworange oil. 1H NMR analysis using mesitylene internal standard indicated a crude yield of 89%.
The crude was concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added
2 mL of ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at
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room temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered
again. The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20%
NaOH. Separated the resulting two layers and extracted the aqueous layer with dichloromethane
(2 x 15 mL). Organics were dried with magnesium sulfate, filtered through a coarse porosity fritted
funnel and concentrated in vacuo to yield a yellow oil. The resulting oil was crystallized in 30:1
hexanes: ethyl acetate to yield 180 mg of a slight yellow crystalline solid (76%).
MP 80-83 °C
Rf 0.37 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.99 (s, 1H), 7.90 (d, J= 5.1 Hz, 1H), 7.34 (m, 2H), 7.20 (d, J=

5.1 Hz, 1H), 7.05 (m, 2H), 4.60 (bs, 1H), 4.43(d, J= 5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 162.5 (d, JC-F= 244.8 Hz), 140.2, 139.2, 133.9, 133.7 (d, JC-F=

3.2 Hz), 129.1 (d, JC-F= 8.0 Hz), 127.8, 123.9, 115.9 (d, JC-F= 21.6 Hz), 47.2
19F

NMR (376.5 MHz, CDCl3) δ= -115.3

FT-IR (KBr, pellet) ν = 3321, 3054, 2913, 1904, 1854, 1579, 1506, 1325, 1228, 1070, 975, 830,
694, 503, 482 cm-1
Anal. Calc. C14H10ClFN2 C, 60.90; H, 4.26; N, 11.84 Found. C, 60.92; H, 4.31; N, 11.87
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N-(4-chlorobenzyl)-3-amino-4-chloropyridine (50e)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane added to the resulting solid to form a yellow suspension. 4chlorobenzaldehyde (281 mg, 2 mmol) was added directly and in one portion to form a yellow
solution. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and solution foamed and turned a purple color. After 1 hour, sodium
triacetoxyborohydride (636 mg, 2.0 mmol) was added directly to the reaction mixture in one
portion. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture then
20 mL of dichloromethane. The resulting two layers were separated using a separatory funnel. The
aqueous layer was extracted with dichloromethane (3x15mL). The combined organic layers were
washed with 30 mL of brine, dried with MgSO4, filtered through a coarse porosity fritted funnel
and concentrated in vacuo to yield a brown oil. 1H NMR analysis using mesitylene internal
standard indicated a crude yield of 86%. The crude was concentrated again and dissolved in 25
mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was
stirred for 1 hour at 0oC then needle filtered at room temperature. The resulting solid was washed
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with 25 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20
mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and
extracted the aqueous layer with dichloromethane (2 x 15 mL). Organics were dried with
magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo. The
resulting oil was purified using flash column chromatography (1.5 cm x 13.5 cm) eluted with 500
mL of 3% acetone: 3% triethylamine: 3% benzene: 91% hexanes to yield 208 mg of a slight orange
crystalline solid (82%)
MP 93-95 °C
Rf 0.50 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 7.96 (s, 1H), 7.90 (d, J= 5.1 Hz, 1H), 7.32 (m, 4H), 7.20 (d, J=

5.1 Hz, 1H), 4.63 (bs, 1H), 4.44 (d, J= 5.7 Hz, 1H)
13C

NMR (100 MHz, CDCl3) δ= 140.2, 139.3, 136.5, 133.9, 133.6, 129.2, 128.7, 127.9, 124.0,

47.2
FT-IR (KBr, pellet) ν = 3436, 3235, 2847, 1578, 1513, 1489, 1416, 1330, 1089, 811, 702, 571,
483 cm-1
Anal. Calc. C12H10Cl2N2 C, 56.94; H, 3.98; N, 11.07 Found. C, 57.08; H, 4.03; N, 10.75
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N-(4-cyanobenzyl)-3-amino-4-chloropyridine (50f)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a yellow suspension. 4cyanobenzaldehyde (262 mg, 2 mmol) was added directly and in one portion to form a yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and a brown mixture formed. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm). After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture then
20 mL of dichloromethane. The resulting two layers were separated and the aqueous layer was
extracted with dichloromethane (3x15mL). The combined organic layers were washed with 30 mL
of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel
and concentrated in vacuo to yield a red oil. 1H NMR analysis using mesitylene internal standard
indicated a crude yield of 85%. The crude was concentrated again and dissolved in 50 mL of
reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was stirred
for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was washed with
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50 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20 mL
dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and extracted
the aqueous layer with dichloromethane (2 x 15 mL). Organics were dried with magnesium sulfate,
filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a red oil. The
resulting oil was purified by flash column chromatography (1.5 cm X 14 cm) eluted with 600 mL
at 3% ethyl acetate: 3% triethylamine: 3% benzene: 91% hexanes to yield an orange oil which was
crystallized in hexanes to yield 178 mg of a slight yellow crystalline solid (73%).
MP 107-108 °C
Rf 0.20 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.89 (m, 2H), 7.65 (d, J= 8.4 Hz, 2H), 7.47 (d, J= 8.4 Hz, 2H),

7.22 (d, J= 5.0 Hz, 1H), 4.79 (bt, 1H), 4.56 (d, J= 6.0 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 143.7, 139.7, 133.8, 132.8, 128.1, 127.7, 124.1, 118.7, 111.8,

47.3
FT-IR (KBr, pellet) ν = 3236, 3055, 2226, 1577, 1508, 1327, 1239, 1069, 823, 692, 556 cm-1
Anal. Calc. C13H10ClN3 C, 64.07; H, 4.14; N, 17.24 Found. C, 64.07; H, 4.16; N, 17.43
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N-(4-nitrobenzyl)-3-amino-4-chloropyridine (50g)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a pale yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a pale yellow suspension. 4nitrobenzaldehyde (302 mg, 2 mmol) was added directly and in one portion to form a pale yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded an orange mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into a brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was
added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown solid. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 91%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over magnesium sulfate, filtered through a coarse
porosity fritted funnel and concentrated in vacuo to yield a dark green solid. Subjected crude solid
to a silica plug using 1:1 hexanes and ethyl acetate to yield 240 mg green solid (91%).
MP 118-119 °C
Rf 0.28 in 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.23 (m, 2H), 7.93 (d, J= 5.1 Hz, 1H), 7.88 (s, 1H), 7.54 (m, 2H),

7.23 (d, J= 5.1 Hz, 1H), 4.81 (bm, 1H), 4.61 (d, J= 6.0 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 147.7, 145.7, 139.8, 133.7, 128.2, 127.8, 124.3, 124.1, 47.2

FT-IR (KBr, pellet) ν = 3221, 3071, 2925, 1579, 1516, 1345, 1069, 860, 820, 736, 697, 568, 468
cm-1
Anal. Calc. C12H10ClN3O2 C, 54.66; H, 3.82; N, 15.94 Found. C, 54.63; H, 3.84; N, 16.14
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N-(4-(trifluoromethyl)benzyl)-3-amino-4-chloropyridine (50h)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a yellow suspension. 4trifluoromethylbenzaldehyde (273 μL, 2 mmol) was added directly via syringe and in one portion
to form a yellow suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2
mmol) was added dropwise via syringe and solution turned a light brown color. After 1 hour,
sodium triacetoxyborohydride (636 mg, 3 mmol) was added directly to the reaction mixture in one
portion (bubbling and exotherm) and turned into a light brown mixture. After 24 hours, 20 mL of
20% (w/v) NaOH (aq) was added to the reaction mixture then 20 mL of dichloromethane. The
resulting two layers were separated and the aqueous layer was extracted with dichloromethane
(3x15mL). The combined organic layers were washed with 30 mL of brine, dried over anhydrous
magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo to
yield an orange oil. 1H NMR analysis using mesitylene internal standard indicated a crude yield
of 87%. The crude was concentrated again and dissolved in 1 mL of reagent grade dichloromethane
and 4 mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry
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was stirred for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was
washed with 50 mL of diethyl ether and needle filtered again. The resulting solid was collected
with 20 mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers
and extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers
were dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield a crude orange solid. The resulting solid was purified by flash
column chromatography (1.5 cm x 12 cm) eluted with 250 mL of 10% ethyl acetate in hexanes
then 200 mL 15% ethyl acetate in hexanes then 100 mL 20% ethyl acetate in hexanes then 100 mL
30% ethyl acetate in hexanes to yield 209 mg of white crystalline solid (73%).
MP 94-96 °C
Rf 0.31 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 7.93 (s, 1H), 7.91 (d, J= 5.1 Hz, 1H), 7.61 (d, J= 8.1 Hz, 2H),

7.48 (d, J= 8.1 Hz, 2H), 7.21 (d, J= 5.1 Hz, 1H), 4.73 (bs, 1H), 4.55 (d, J= 5.8 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 142.2 (q, JC-F= 1.4), 140.0, 139.5, 133.9, 130.2 (q, JC-F= 32.3

Hz), 128.0, 127.5, 126.0 (q, JC-F= 3.8 Hz), 124.2 (q, JC-F= 270.4 Hz), 124.0, 47.3
19F

NMR (376.5 MHz, CDCl3) δ= -63.1

FT-IR (KBr, pellet) ν = 3272, 3054, 2942, 1619, 1582, 1507, 1414, 1329, 1121, 1067, 814, 573,
492 cm-1
Anal. Calc. C13H10ClF3N2 C, 54.47; H, 3.52; N, 9.77 Found. C, 54.23; H, 3.49; N, 9.90
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N-cinnamyl-3-amino-4-chloropyridine (50i)

Reaction performed by Alex Dixon: To a 25 mL round bottom flask equipped with a magnetic stir
bar and rubber septum was charged with N-Boc-3-amino-4-chloropyridine (229 mg, 1 mmol) and
trifluoroacetic acid (0.77 mL, 10 mmol) and stirred for 15 minutes at room temperature. The
reaction mixture was concentrated in vacuo yielding a brown oil. The residue was diluted with
ethyl acetate (3 mL) and concentrated in vacuo repeatedly until a pale yellow solid crystallized,
containing 3-amino-4-chloropyridinium trifluoroacetate. To the solid was added dichloromethane
(2 mL, 0.5M), trans-cinnamaldehyde (0.25 mL, 2 mmol), and trimethylsilyltrifluoromethane
sulfonate (0.36 mL, 2 mmol) successively and stirred for 1 hour. Sodium triacetoxyborohydride
(636 mg, 3 mmol) was added to the reaction mixture and stirred for 24 hours before quenching
with 20% (w/v) NaOH (aq) (10 mL) and diluting with dichloromethane (5 mL). The aqueous phase
was separated and extracted with dichloromethane (3 x 5 mL). The combined organic phase was
washed with brine (2 x 10 mL), dried over anhydrous magnesium sulfate, filtered through coarse
porosity fritted funnel, and concentrated in vacuo into a yellow oil. The oil was diluted with diethyl
ether (20 mL) and charged with 1 M ethereal hydrogen chloride (2 mL). A precipitate immediately
formed and was cooled in an ice/water bath before needle filtration. The filtrate was washed twice
more with cold diethyl ether (20 mL) then freebased with 20% (w/v) NaOH (aq) (15 mL). The
aqueous phase was extracted with dichloromethane (3 x 5 mL). The combined organic phase was
washed with brine (2 x 10 mL), dried over anhydrous magnesium sulfate, filtered and concentrated
in vacuo, yielding a yellow solid (200 mg). The crude solid was further purified through flash
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column chromatography, eluting with 3% ethyl acetate: 3% triethylamine: 3% benzene: 91%
hexanes, to yield 185 mg of a white solid (76%).
MP 65-67 °C
Rf 0.28 1:1 ethyl acetate:hexanes
1H

NMR (400 MHz, CDCl3): δ = 8.10 (s, 1H), 7.91 (d, J=5.1 Hz, 1H), 7.39-7.36 (m, 2H), 7.34-

7.30 (m, 2H), 7.27-7.23 (m, 1H), 7.20 (d, J=5.1 Hz, 1H), 6.66 (d, J=15.9 Hz, 1H), 6.31 (dt, J=15.9,
5.8 Hz, 1H), 4.44 (bs, 1H), 4.08 (td, J=5.8, 1.5 Hz, 1H).
13C

NMR (100 MHz, CDCl3): δ =140.4, 139.0, 136.6, 134.0, 132.7, 128.8, 128.0, 127.8, 126.6,

125.5, 123.9, 45.7.
FT-IR (KBr, pellet) ν = 3274, 3055, 3020, 2936, 1576, 1552, 1071 cm-1.
Anal. Calc. C14H13ClN2 C, 68.71; H, 5.35; N, 11.45; Found C, 68.75; H, 5.41; N, 11.46.
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N-(4-phenylbenzyl)-3-amino-4-chloropyridine (50j)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a pale yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a pale yellow suspension. 4phenylbenzaldehyde (364 mg, 2 mmol) was added directly and in one portion to form a pale yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a dark green mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into an orange mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq)
was added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown solid. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 87%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield an orange oil. Crude oil was
subjected to flash column chromatography (13cm x 1.5cm) eluted with 400 mL at 3% ethyl acetate:
3% triethylamine: 3% benzene: 91% hexanes then with 100 mL at 6% ethyl acetate: 6%
triethylamine: 6% benzene: 82% hexanes to yield 220 mg of an off white crystalline solid (87%).
MP 98-100 °C
Rf 0.53 in 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.05 (s, 1H), 7.91 (d, J= 5.1 Hz, 1H), 7.60-7.57 (m, 4H), 7.47-

7.43 (m, 4H), 7.38-7.33 (m, 1H), 7.21 (d, J= 5.1 Hz, 1H), 4.66 (bt, 1H), 4.43 (d, J= 5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 140.8, 140.7, 140.3, 139.9 136.9, 133.8, 128.8, 128.0, 127.8,

127.6, 127.4, 127.1, 123.8, 47.4
FT-IR (KBr, pellet) ν = 3270, 1581, 1514, 1487, 1418, 1311, 1259, 1069, 805, 758, 693 cm-1
Anal. Calc. C18H15ClN2 C, 73.34; H, 5.13; N, 9.50 Found. C, 73.45; H, 5.15; N, 9.83
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N-(furfuryl)-3-amino-4-chloropyridine (50k)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(0.5 mmol, 114 mg) and trifluoroacetic acid neat (371 μL, 5 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC (Rf = 0.20 in 1:1
hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL of
ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 1 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a yellow suspension. The 25 mL round
bottom flask was covered in tin foil then freshly distilled furfural (83 μL, 1 mmol) was added
directly and in one portion via syringe to form a yellow suspension. Trimethysilyl
trifluoromethanesulfonate (TMSOTf) (181 μL, 1 mmol) was added dropwise via syringe and
solution turned a dark blue color. After 1 hour, sodium triacetoxyborohydride (318 mg, 1.5 mmol)
was added directly to the reaction mixture in one portion. The reaction mixture turned black/dark
blue and formed a precipitate. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the
reaction mixture then 20 mL of dichloromethane. The resulting two layers were separated using a
separatory funnel. The aqueous layer was extracted with dichloromethane (3x15mL). The
combined organic layers were washed with 30 mL of brine, dried over anhydrous magnesium
sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a black
solid. The crude material was dissolved in 25 mL of diethyl ether and 2 mL of 1M HCl in ether (2
equivalents) was added dropwise to the vigorously stirring ether solution at room temperature. The
resulting slurry was allowed to stir for 1 hour in a 0 °C (ice/water) and solvent was removed by
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needle filtration. The resulting solid was washed with an additional 25 mL of diethyl ether and
needle filtered again. The resulting salt was treated with 20 mL of 20% (w/v) NaOH aqueous
solution and 20 mL of DCM. The aqueous layer was extracted with 15mL DCM and the combined
organic layers were dried over anhydrous magnesium sulfate, filtered through a coarse porosity
fritted funnel and concentrated in vacuo. Product was further purified via flash column
chromatography eluted with 1% ethyl acetate: 1% triethylamine: 1% benzene: 97% hexanes then
crystallized in of hexanes to afford 114 mg of off white solid (55%)
MP 59-61 °C
Rf 0.47 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.13 (s, 1H), 7.92 (d, J= 5.1 Hz, 1H), 7.39 (dd, J= 1.8 Hz, 0.8 Hz,

1H), 7.19 (d, J= 5.1 Hz, 1H), 6.34 (dd, J= 3.2 Hz, 1.8 Hz, 1H), 6.29 (dd, J= 3.2 Hz, 0.8 Hz, 1H),
4.60 (bs, 1H), 4.45 (d, J= 5.9 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 151.3, 142.6, 140.1, 139.4, 134.0, 128.1, 124.0, 110.6, 107.9,

40.9
FT-IR (KBr, pellet) ν = 3431, 3199, 3075, 3014, 2953, 1581, 1556, 1517, 1438, 1322, 1174, 1071,
817, 750, 694, 571 cm-1
Anal. Calc. C10H9ClN2O C, 57.57; H, 4.35; N, 13.43 Found. C, 57.51; H, 4.35; N, 13.68
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N-(4-methylbenzyl)-3-amino-4-chloropyridine (50l)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a pale yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a pale yellow suspension. 4methylbenzaldehyde (236 μL, 2 mmol) was added directly and in one portion to form a pale yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a purple solution. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into a brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was
added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 90%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield 204 mg of a pale orange solid
(88%).
MP 80-82 °C
Rf 0.5 in 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.03 (s, 1H), 7.88 (d, J= 5.1 Hz, 1H), 7.26 (d, J= 8 Hz, 2H), 7.20-

7.16 (m, 3H), 4.57 (bs, 1H), 4.41 (d, J= 5.6 Hz, 2H), 2.35 (s, 1H)
13C

NMR (100 MHz, CDCl3) δ= 140.5, 138.9, 137.6, 134.9, 133.9, 129.7, 127.7, 127.5, 123.9,

47.6, 21.2
FT-IR (KBr, pellet) ν = 3238, 3079, 3018, 2930, 2850, 1897, 1858, 1798, 1577, 1512, 1415, 1332,
1262, 1071, 991, 795, 694, 569, 476 cm-1
Anal. Calc. C13H13ClN2 C, 67.10; H, 5.63; N, 12.04 Found. C, 67.21; H, 5.61; N, 12.19

50

N-(piperonyl)-3-amino-4-chloropyridine (50m)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). Solution was concentrated in vacuo, washed with 1 mL of ethyl
acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 1 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a yellow suspension. Piperonal (300 mg,
2 mmol) was added directly and in one portion to form a yellow solution. Trimethysilyl
trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added dropwise via syringe and
solution turned bright yellow and then green. After 1 hour, sodium triacetoxyborohydride (636
mg, 3 mmol) was added directly to the reaction mixture in one portion. After 24 hours, 10 mL of
20% (w/v) NaOH (aq) was added to the reaction mixture then 10 mL of dichloromethane. The
resulting two layers were separated and the aqueous layer was extracted with dichloromethane
(3x15mL). The combined organic layers were washed with 30 mL of brine, dried with MgSO4,
filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a yellow oil. 1H
NMR analysis using mesitylene internal standard indicated a crude yield of 82%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0oC then needle filtered at room
temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
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The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The collected organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo. The resulting oil was purifier using flash
column chromatography (1.5 cm X 13 cm) eluted with 300 mL at 3% ethyl acetate: 3%
triethylamine: 3% benzene: 91% hexanes to yield 224 mg of a white crystalline solid (86%).
MP 88-92 °C
Rf 0.54 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.00 (s, 1H), 7.89 (d, J= 5.1 Hz, 1 H), 7.19 (d, J = 5.1 Hz, 1H),

6.87-6.77 (m, 3H), 5.96 (d, J = 1.7 Hz, 2H), 4.57 (bs, 1H), 4.36 (d, J = 5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 148.3, 147.3, 140.3, 139.1, 134.0, 131.8, 127.8, 123.9, 120.8,

108.7, 108.0, 101.3, 47.7
FT-IR (KBr, pellet) ν =3412, 2901, 1578, 1501, 1416, 1245, 1040, 805, 694 cm-1
Anal. Calc. C13H11ClN2O2 C, 59.44; H, 4.22; N, 10.66 Found. C, 59.36; H, 4.25; N, 10.65
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N-(2,3-dimethoxybenzyl)-3-amino-4-chloropyridine (50n)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 1 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a yellow suspension. 2,3dimethoxybenzaldehyde (332mg, 2 mmol) was added directly and in one portion to form a yellow
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and solution turned a red color. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm). After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture
then 20 mL of dichloromethane. The resulting two layers were separated and the aqueous layer
was extracted with dichloromethane (3x15mL). The combined organic layers were washed with
30 mL of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted
funnel and concentrated in vacuo to yield a red oil. 1H NMR analysis using mesitylene internal
standard indicated a crude yield of 90%. The crude was concentrated again and dissolved in 50
mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was
stirred for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was washed
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with 50 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20
mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and
extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers were
dried with magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in
vacuo to yield The resulting oil was purified by flash column chromatography (1.5 cm X 11.5 cm)
eluted with 500 mL at 10% ethyl acetate: hexanes, then 350 mL 20% ethyl acetate: hexanes to
yield 232 mg of a slight yellow crystalline solid (83%).
MP 76-79 °C
Rf 0.44 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.09 (s, 1H), 7.88 (d, J= 5.1 Hz, 1H), 7.17 (d, J= 5.1 Hz, 1H),

7.03 (t, J= 7.9 Hz, 1H), 6.91 (dd, J= 7.7 Hz, 1.5 Hz, 1H), 6.88 (dd, J= 8.1 Hz, 1.5 Hz, 1H), 4.67
(bs, 1H), 4.47 (d, J= 6.0 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H)
13C

NMR (100 MHz, CDCl3) δ= 153.0, 147.4, 140.5, 138.8, 134.0, 131.6, 127.8, 124.4, 123.9,

120.8, 112.3, 61.0, 55.9, 43.0
FT-IR (KBr, pellet) ν = 3387, 2997, 2964, 2933, 2831, 1582, 1510, 1480, 1449, 1418, 1330, 1265,
1061, 999, 806, 749 cm-1
Anal. Calc. C14H15ClN2O2 C, 60.33; H, 5.42; N, 10.05 Found. C, 60.10; H, 5.59; N, 9.90
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N-(2,4-dimethoxybenzyl)-3-amino-4-chloropyridine (50o)

To a 25 mL round bottom flask equipped with magnetic stir bar, was added N-Boc-3-amino-4chloropyridine (114 mg, 0.5 mmol) then neat trifluoroacetic acid (371 μL, 5 mmol) was added via
syringe under argon at ambient temperature. Vigorous gas evolution was observed and a clear,
yellow solution was formed. After 15 minutes, the reaction was judged to be complete by TLC
analysis (Rf = 0.20 in 1:1 ethyl acetate: hexanes). The reaction mixture was concentrated in vacuo,
10 mL of ethyl acetate was added to the crude mixture and again concentrated in vacuo solution
to give a pale yellow solid. Next, 1 mL of reagent grade ethyl acetate (0.5M) was added to form a
yellow suspension. 2,4 dimethoxybenzaldehyde (166 mg, 1 mmol) was added directly to the
yellow suspension in one portion. After 60 min, sodium triacetoxyborohydride (212 mg, 1 mmol)
was added directly to reaction mixture in one portion. After 35 min, 10 mL ethyl acetate was added
to the resulting mixture which was then quenched with 10 mL of 20% (w/v) NaOH (aq). The
resulting layers were separated and the aqueous layer was extracted with ethyl acetate (3 x 15 mL).
The combined organic layers were washed with 30 mL of brine, dried with MgSO4, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a yellow oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 92%. The resulting oil was
further purified by flash column chromatography (13.5cm X 1.5cm) eluting at 10% ethyl acetate:
hexanes to yield 124 mg clear oil (89%). The oil was crystallized in 2 mL (1:1 diethyl ether:
hexanes) to give 97 mg of white solid (70%).
MP 62-64 °C
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Rf 0.37 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.09 (s, 1H), 7.85 (d, J = 5.1 Hz, 1H), 7.18 (d, J = 8.9 Hz, 1H),

7.15 (d, J = 5.1 Hz, 1H), 6.48 (d, J = 2.3 Hz, 1H), 6.44 (dd, J = 8.2 Hz, 2.4 Hz, 1H), 4.67 (br t, J
= 5.4 Hz, 1H), 4.38 (d, J = 6.1 Hz, 2H), 3.85 (s, 3H), 3.78 (s, 3H)
13C

NMR (100 MHz, CDCl3) δ= 160.7, 158.7, 140.8, 138.6, 134.3, 129.9, 127.8, 123.8, 118.5,

104.2, 98.9, 55.5, 55.5, 42.9
FT-IR (KBr, pellet) ν = 3246, 1620, 1582, 1510, 1306, 1209, 1079, 810, 695 cm-1
Anal. Calc. for C14H15ClN2O2 C, 60.33; H, 5.42; N, 10.05; Found. C, 59.99; H, 5.52; N, 9.97
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N-(2,5-dimethoxybenzyl)-3-amino-4-chloropyridine (50p)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(0.5 mmol, 114 mg) and trifluoroacetic acid neat (371 μL, 5 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a pale yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 1 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a pale yellow suspension. 2,5dimethoxybenzaldehyde (208 mg, 1.25 mmol) was added directly and in one portion to form a
yellow suspension. After 1 hour, sodium triacetoxyborohydride (265 mg, 1.25 mmol) was added
directly to the reaction mixture in one portion (bubbling and exotherm) and turned into a brown
mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture then
20 mL of dichloromethane. The resulting two layers were separated and the aqueous layer was
extracted with dichloromethane (3x15mL). The combined organic layers were washed with 30 mL
of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel
and concentrated in vacuo to yield an orange oil. 1H NMR analysis using mesitylene internal
standard indicated a crude yield of 81%. Crude was subjected to flash column chromatography
(1.5 cm x 11.5cm) 600 mL 10% ethyl acetate: hexanes then 100 mL 20% ethyl acetate: hexanes to
yield 204 mg of an off white solid (76%).
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MP 70-71 °C
Rf 0.37 in 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.05 (s, 1H), 7.86 (d, J= 5.1 Hz, 1H), 7.16 (d, J= 5.1 Hz, 1H),

6.86 (d, J= 2.8 Hz, 1H), 6.83 (d, J= 8.8 Hz, 1H), 6.77 (dd, J= 8.8 Hz, 3.0 Hz, 1H), 4.75 (bt, 1H),
4.43 (d, J= 6.2 Hz, 2H), 3.84 (s, 3H), 3.74 (s, 3H)
13C

NMR (100 MHz, CDCl3) δ= 153.7, 151.6, 140.5, 138.7, 134.1, 127.7, 127.1, 123.7, 115.3,

112.6, 111.3, 55.8, 55.7, 43.0
FT-IR (KBr, pellet) ν = 3278, 3063, 2997, 2956, 2836, 1577, 1501, 1417, 1270, 1235, 1216, 1082,
1051, 786, 710, 571, 527, 444 cm-1
Anal. Calc. C14H15ClN2O2 C, 60.30; H, 5.42; N, 10.05 Found. C, 60.28; H, 5.42; N, 9.95
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N-(2,2-dimethylpropyl)-3-amino-4-chloropyridine (50q)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(1.0 mmol, 228 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form a yellow suspension. Pivalaldehyde
(217 μL, 2 mmol) was added directly via syringe and in one portion to form a yellow suspension.
Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added dropwise via
syringe and solution turned a pale orange color. After 1 hour, sodium triacetoxyborohydride (636
mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and exotherm)
and turned into a pale orange mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added
to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were separated
and the aqueous layer was extracted with dichloromethane (3x15mL). The combined organic
layers were washed with 30 mL of brine, dried with MgSO4, filtered through a coarse porosity
fritted funnel and concentrated in vacuo to yield a yellow oil. 1H NMR analysis using mesitylene
internal standard indicated a crude yield of 91%. The crude was concentrated again and dissolved
in 50 mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry
was stirred for 1 hour at 0oC then needle filtered at room temperature. The resulting solid was
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washed with 50 mL of diethyl ether and needle filtered again. The resulting solid was collected
with 20 mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers
and extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers
were dried with magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield a yellow oil. The resulting oil was purified by flash column
chromatography (1.5 cm x 13 cm) eluted with 200 mL at 1% ethyl acetate: 1% triethylamine: 1%
benzene: 97% hexanes to yield 168 mg of white solid (85%).
MP 35-37 °C
Rf 0.51 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 8.05 (s, 1H), 7.84 (d, J= 5.1 Hz, 1H), 7.15 (d, J= 5.1 Hz, 1H),

4.21 (bs, 1H), 3.01 (d, 2H), 1.03 (s, 9H)
13C

NMR (100 MHz, CDCl3) δ= 141.3, 138.2, 133.6, 127.4, 123.8, 55.2, 32.2, 27.6

FT-IR (KBr, pellet) ν = 3427, 3224, 2961, 2864, 2502, 1580, 1517, 1417, 1211, 1073, 917, 800,
694, 570, 443 cm-1
Anal. Calc. C10H15ClN2 C, 60.45; H, 7.61; N, 14.10 Found. C, 60.43; H, 7.50; N, 14.17
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N-(n-butyl)-3-amino-4-chloropyridine (50r)

To a 25 mL round bottom flask equipped with an over-dried magnetic stir bar, was added N-Boc
3-amino-4-chloropyridine (228 mg, 1.0 mmol) then neat trifluoroacetic acid (741 μL, 10 mmol)
was added via syringe under argon at ambient temperature. Vigorous gas evolution was observed
and a clear, yellow solution was formed. After 15 minutes the reaction was judged complete by
TLC analysis (Rf = 0.20 in 1:1 ethyl acetate: hexanes). The reaction mixture was concentrated in
vacuo, 11 mL of ethyl acetate was added to the crude mixture and again concentrated in vacuo
solution to give a pale yellow solid. Next, 2 mL of dichloromethane (0.5M) was added to form a
yellow suspension. Butanal (99 μL, 1.1 mmol) was added to the yellow suspension via syringe.
After 1 hour, sodium triacetoxyborohydride (636 mg, 3 mmol) was added directly to reaction
mixture in one portion. After 24 hours, 20 mL of dichloromethane was added to the resulting
mixture and then quenched with 20 mL of 20% (w/v) NaOH (aq). The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a yellow oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 80%. The resulting oil was
purified by flash column chromatography (18cm X 1.5cm) eluted with 500 mL at 1% ethyl acetate:
1% triethylamine: 1% benzene: 97% hexanes to yield 125mg off white solid (68%).
MP 38-39 °C
Rf 0.43 1:1 ethyl acetate: hexanes
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1H

NMR (400 MHz, CDCl3) δ = 8.02 (s, 1H), 7.86 (d, J= 4.6 Hz, 1H), 7.16 (d, J= 5.0 Hz, 1H),

4.15 (bs, 1H), 3.25-3.21 (m, 2H), 1.71-1.64 (m, 2H), 1.50-1.41 (m, 2H), 0.98 (t, J= 7.36 Hz, 3H)
13C

NMR (100 MHz, CDCl3) δ = 140.7, 138.2, 133.4, 127.2, 123.7, 43.1, 31.4, 20.2, 13.8

FT-IR (KBr, pellet) ν = 3309, 2953, 2935, 2868, 1580, 1555, 1484, 1410, 1330, 1238, 1070, 809,
704 cm-1
Anal. Calc. C9H13ClN2 C, 58.54; H, 7.10; N, 15.17; Found C, 58.54; H, 7.11; N, 15.22
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N-(cyclohexylmethyl)-3-amino-4-chloropyridine (50s)

To a 25 mL round bottom flask equipped with an over-dried magnetic stir bar, was added N-Boc
3-amino-4-chloropyridine (228 mg, 1.0 mmol) then neat trifluoroacetic acid (741 μL, 10 mmol)
was added via syringe under argon at ambient temperature. Vigorous gas evolution was observed
and a clear, yellow solution was formed. After 15 minutes the reaction was judged complete by
TLC analysis (Rf = 0.20 in 1:1 ethyl acetate: hexanes). The reaction mixture was concentrated in
vacuo, 1 mL of ethyl acetate was added to the crude mixture and again concentrated in vacuo
solution to give a pale yellow solid. Next, 2 mL of dichloromethane (0.5M) was added to form a
yellow suspension. Cyclohexylcarboxaldehyde (133 μL, 1.1 mmol) was added to the yellow
suspension via syringe. After 1 hour, sodium triacetoxyborohydride (636 mg, 3 mmol) was added
directly to reaction mixture in one portion. After 24 hours, 20 mL of dichloromethane was added
to the resulting mixture and then quenched with 20 mL of 20% (w/v) NaOH (aq). The resulting
two layers were separated and the aqueous layer was extracted with dichloromethane (3x15mL).
The combined organic layers were washed with 30 mL of brine, dried with MgSO4, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a yellow oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 83%. The resulting oil
dissolved in 10 ml diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was
stirred for 1 hour at 0oC then needle filtered at room temperature. The resulting solid was washed
with 10 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20
mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and
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extracted the aqueous layer with dichloromethane (2 x 15 mL). Organics were dried with
magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo. The
resulting solid yellow crystalline solid. Solid was further purified by flash column chromatography
(15cm X 1.5cm) eluted with 500mL 10% ethyl acetate: hexanes to yield 180 mg of white solid
(80%).
MP 67-70 °C
Rf 0.59 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.00 (s, 1H), 7.83 (d, J = 5.1 Hz, 1H), 7.14 (d, J = 5.1, 1H), 4.25

(br s, 1H), 3.06 (t, J = 6.2, 2H), 1.86-1.57 (m, 5H), 1.32-1.12 (m, 4H), 1.06-0.94 (m, 2H)
13C

NMR (100 MHz, CDCl3) δ= 140.8, 138.1, 133.5, 127.3, 123.8, 50.0, 37.5, 31.2, 26.6, 26.0

FT-IR (KBr, pellet) ν = 3383, 3054, 2923, 2845, 1577, 1508, 1459, 1068, 808, 696 cm-1
Anal. Calc. C12H17ClN2 C, 64.14; H, 7.63; N, 12.47 Found. C, 64.12; H, 7.54; N, 12.18
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N-(cyclohexyl)-3-amino-4-chloropyridine (50t)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-chloropyridine
(0.5 mmol, 114 mg) and trifluoroacetic acid neat (371 μL, 5 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, yellow solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid. Next, 1 mL (0.5 M)
of dichloromethane to the resulting solid to form a yellow suspension. Cyclohexanone (104 μL, 1
mmol) was added directly and in one portion via syringe to form a yellow suspension.
Trimethysilyl trifluoromethanesulfonate (TMSOTf) (181 μL, 1 mmol) was added dropwise via
syringe and solution turned an orange color. After 1 hour, sodium triacetoxyborohydride (318 mg,
1.5 mmol) was added directly to the reaction mixture in one portion to yield a white solution. After
24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture then 20 mL of
dichloromethane. The resulting two layers were separated and the aqueous layer was extracted
with dichloromethane (3x15mL). The combined organic layers were washed with 30 mL of brine,
dried with MgSO4, filtered through a coarse porosity fritted funnel and concentrated in vacuo to
yield a clear oil. 1H NMR analysis using mesitylene internal standard indicated a crude yield of
85%. The resulting oil was purified by flash column chromatography (1.5 cm X 13 cm) eluted
with 200 mL at 3% acetone: 3% triethylamine: 3% benzene: 91% hexanes to yield 79 mg of a
white crystalline solid (75%).
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MP 64-65 °C
Rf 0.68 1:1 hexanes: ethyl acetate
1H

NMR (400 MHz, CDCl3) δ= 8.03 (s, 1H), 7.82 (d, J= 5.1 Hz, 1H), 7.15 (d, J= 5.1 Hz, 1H),

4.09 (bd, J= 7.1 Hz, 1H), 3.40 (m, 1H), 2.08 (m, 2H), 1.79 (m, 2H), 1.67 (m, 1H), 1.41 (m, 2H),
1.26 (m, 3H)
13C

NMR (100 MHz, CDCl3) δ= 139.9, 138.0, 134.1, 127.4, 124.1, 51.4, 33.3, 25.9, 24.9

FT-IR (KBr, pellet) ν = 3410, 3051, 2932, 2852, 1578, 1506, 1449, 1414, 1339, 1229, 1103, 1067,
888, 813, 700, 569, 439 cm-1
Anal. Calc. C11H15ClN2 C, 62.70; H, 7.18; N, 13.30 Found. C, 62.84; H, 7.18; N, 13.29
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N-(benzyl)-3-amino-4-bromopyridine (82a)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-bromopyridine
(1.0 mmol, 273 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a brown solution was
formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20 in 1:1
hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL of
ethyl acetate, and again concentrated in vacuo to yield a brown solid. Next, 2 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a brown suspension. Benzaldehyde (204
μL, 2 mmol) was added directly and in one portion to form a brown suspension. Trimethysilyl
trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added dropwise via syringe and
yielded a light brown mixture. After 1 hour, sodium triacetoxyborohydride (636 mg, 3 mmol) was
added directly to the reaction mixture in one portion (bubbling and exotherm) and turned into a
light brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction
mixture then 20 mL of dichloromethane. The resulting two layers were separated and the aqueous
layer was extracted with dichloromethane (3x15mL). The combined organic layers were washed
with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity
fritted funnel and concentrated in vacuo to yield a brown oil. 1H NMR analysis using mesitylene
internal standard indicated a crude yield of 88%. The crude was concentrated again and dissolved
in 25 mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry
was stirred for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was
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washed with 25 mL of diethyl ether and needle filtered again. The resulting solid was collected
with 20 mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers
and extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers
were dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield a crude brown oil. Crude oil was subjected to flash column
chromatography (13cm x 1.5cm) eluted with 500 mL at 10% ethyl acetate: 90% hexanes to yield
197 mg of an pale purple crystalline solid (75%).
MP 102 - 103 °C
Rf 0.44 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ = 7.97 (s, 1H), 7.79 (d, J=5.1 Hz, 1H), 7.38-3.36 (m, 5H), 7.34-

7.28 (m, 1H), 4.65 (bt, 1H), 4.46 (d, J=5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ = 141.5, 139.2, 138.0, 133.8, 129.0, 127.9, 127.5, 127.2, 118.6,

48.0
FT-IR (KBr, pellet) ν = 3331, 3051, 2360, 1577, 1544, 1508, 1453, 1413, 1256, 1227, 1058, 1039,
806, 741, 706, 670, 623, 523, 495, 457 cm-1
Anal. Calc. C12H11BrN2 C, 54.77; H, 4.21; N, 10.65; Found C, 54.79; H, 4.21; N, 10.66
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N-(4-methylbenzyl)-3-amino-4-bromopyridine (82b)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-bromopyridine
(1.0 mmol, 273 mg, recrystallized) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via
syringe under argon at ambient temperature. Vigorous gas evolution was observed and a clear
solution was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf
= 0.20 in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed
with 1 mL of ethyl acetate, and again concentrated in vacuo to yield a white solid. Next, 2 mL (0.5
M) of dichloromethane was added to the resulting solid to form a white suspension. 4methylbenzaldehyde (236 μL, 2 mmol) was added directly and in one portion to form a white
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a purple mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into an orange mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq)
was added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield an orange oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 92%. The crude was
concentrated again and dissolved in 25 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 25 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield a crude orange solid. The
resulting solid was recrystallized in 13 mL hexanes to yield 229 mg of a slight orange crystalline
solid (83%).
MP 85-86 °C
Rf 0.44 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.97 (s, 1H), 7.79 (d, J= 5.0 Hz, 1H), 7.35 (d, J= 5.1 Hz, 1H),

7.26 (d, J= 8.0 Hz, 2H), 7.17 (d, J= 8.0 Hz, 2H), 4.60 (bs, 1H), 4.41 (d, J= 5.6 Hz, 2H), 2.35 (s,
3H)
13C

NMR (100 MHz, CDCl3) δ= 141.5, 139.0, 137.6, 134.9, 133.8, 129.7, 127.5, 127.2, 118.6,

47.7, 21.3
FT-IR (KBr, pellet) ν = 3424, 3250, 3055, 3020, 2935, 2850, 1897, 1858, 1575, 1550, 1508, 1452,
1412, 1331, 1229, 1062, 807, 671, 563, 473, 442 cm-1
Anal. Calc. C13H13BrN2 C, 56.34; H, 4.73; N, 10.11 Found. C, 56.40; H, 4.74; N, 10.04
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N-(4-chlorobenzyl)-3-amino-4-bromopyridine (82c)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-bromopyridine
(1.0 mmol, 273 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, orange solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale orange solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form an orange suspension. 4chlorobenzaldehyde (281 mg, 2 mmol) was added directly and in one portion to form an orange
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a purple mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into a brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was
added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown oil. 1H NMR
analysis using mesitylene internal standard indicated a crude yield of 75%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield a crude brown solid. The
resulting solid was subject to a silica plug (1:1 hexanes: ethyl acetate). Crude was concentrated
then further purified when recrystallized in 10 mL hexanes to yield 213 mg of off white crystalline
solid (72%).
MP 87-88 °C
Rf 0.40 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.91 (s, 1H), 7.80 (d, J= 5.1 Hz, 1H), 7.39-7.27 (m, 5H), 4.66 (bs,

1H), 4.44 (d, J= 5.7 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 141.2, 139.4, 136.5, 133.8, 133.6, 129.2, 128.7, 127.3, 118.8,

47.3
FT-IR (KBr, pellet) ν = 3241, 3055, 2934, 2896, 2848, 1574, 1551, 1508, 1488, 1413, 1329, 1230,
1089, 1062, 810, 668, 482, 424 cm-1
Anal. Calc. C12H10BrClN2 C, 48.43; H, 3.39; N, 9.41 Found. C, 48.41; H, 3.43; N, 9.36
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N-(2,3-dimethoxybenzyl)-3-amino-4-bromopyridine (82d)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-bromopyridine
(1.0 mmol, 273 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a clear, orange solution
was formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20
in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL
of ethyl acetate, and again concentrated in vacuo to yield a pale orange solid. Next, 2 mL (0.5 M)
of dichloromethane was added to the resulting solid to form an orange suspension. 2,3dimethoxybenzaldehyde (332 mg, 2 mmol) was added directly and in one portion to form an
orange suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was
added dropwise via syringe. After 1 hour, sodium triacetoxyborohydride (636 mg, 3 mmol) was
added directly to the reaction mixture in one portion (bubbling and exotherm) and turned into a
brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture
then 20 mL of dichloromethane. The resulting two layers were separated and the aqueous layer
was extracted with dichloromethane (3x15mL). The combined organic layers were washed with
30 mL of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted
funnel and concentrated in vacuo to yield a brown oil. 1H NMR analysis using mesitylene internal
standard indicated a crude yield of 82%. The crude was concentrated again and dissolved in 50
mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was
stirred for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was washed
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with 50 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20
mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and
extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organic layers were
dried over magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in
vacuo to yield a crude brown solid. The resulting solid was subject to a silica plug (1:1 hexanes:
ethyl acetate). Crude was concentrated then further purified when recrystallized in 10 mL hexanes
to yield 257 mg of orange solid (80%).
MP 83-85 °C
Rf 0.32 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 8.03 (s, 1H), 7.77 (d, J= 5.1 Hz, 1H), 7.33 (d, J= 5.1 Hz, 2H),

7.03 (t, J= 7.9 Hz, 2H), 6.89 (m, 2H), 4.69 (bm, 1H), 4.48 (d, J= 5.9 Hz, 2H), 3.90 (s, 3H), 3.88
(s, 3H)
13C

NMR (100 MHz, CDCl3) δ= 158.0, 147.4, 141.6, 138.9, 133.9, 131.6, 127.2, 124.3, 120.8,

118.6, 112.3, 61.0, 56.0, 43.1
FT-IR (KBr, pellet) ν = 3260, 3086, 3000, 2955, 2932, 2827, 1573, 1544, 1504, 1480, 1413, 1327,
1274, 1225, 1169, 1055, 1007, 899, 817, 761, 667, 562, 442 cm-1
Anal. Calc. C14H15BrN2O2 C, 52.03; H, 4.68; N, 8.67 Found. C, 52.14; H, 4.81; N, 8.84
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N-(benzyl)-3-amino-4-iodopyridine (83a)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-iodopyridine
(1.0 mmol, 320 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a brown solution was
formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20 in 1:1
hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL of
ethyl acetate, and again concentrated in vacuo to yield a brown oil. Next, 2 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a brown suspension. Benzaldehyde (204
μL, 2 mmol) was added directly and in one portion to form a brown suspension. Trimethysilyl
trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added dropwise via syringe and
yielded a light brown mixture. After 1 hour, sodium triacetoxyborohydride (636 mg, 3 mmol) was
added directly to the reaction mixture in one portion (bubbling and exotherm) and turned into a
brown mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was added to the reaction mixture
then 20 mL of dichloromethane. The resulting two layers were separated and the aqueous layer
was extracted with dichloromethane (3x15mL). The combined organic layers were washed with
30 mL of brine, dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted
funnel and concentrated in vacuo to yield a brown oil. 1H NMR analysis using mesitylene internal
standard indicated a crude yield of 80%. The crude was concentrated again and dissolved in 25
mL of reagent grade diethyl ether then added 2 mL of ethereal 1M HCl. The resulting slurry was
stirred for 1 hour at 0 °C then needle filtered at room temperature. The resulting solid was washed
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with 25 mL of diethyl ether and needle filtered again. The resulting solid was collected with 20
mL dichloromethane and 20 mL aqueous 20% NaOH. Separated the resulting two layers and
extracted the aqueous layer with dichloromethane (2 x 15 mL). The combined organics layers were
dried over anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and
concentrated in vacuo to yield a dark red solid. Crude solid was subjected to flash column
chromatography (13cm x 1.5cm) eluted with 500 mL at 10% ethyl acetate: 90% hexanes then 500
mL at 20% ethyl acetate: 80% hexanes to yield 238 mg of an off white crystalline solid (77%).
MP 90 - 92 °C
Rf 0.44 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ = 7.84 (s, 1H), 7.61-7.58 (m, 2H), 7.38-3.36 (m, 5H), 7.37-7.35

(m, 4H), 7.34-7.28 (m, 1H), 4.53 (at, 1H), 4.46 (d, J=5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ = 143.8, 139.4, 137.9, 133.8, 132.8, 129.0, 127.8, 127.8, 127.4,

95.1, 48.2
FT-IR (KBr, pellet) ν = 3328, 3061, 3015.6, 2908, 1564, 1540, 1502, 1452, 1409, 1307, 1226,
1055, 1028, 971, 807, 740, 705, 657, 625, 521, 456 cm-1
Anal. Calc. C12H11IN2 C, 46.47; H, 3.58; N, 9.03; Found C, 46.46; H, 3.61; N, 9.02
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N-(4-methylbenzyl)-3-amino-4-iodopyridine (83b)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-iodopyridine
(1.0 mmol, 320 mg) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via syringe under
argon at ambient temperature. Vigorous gas evolution was observed and a brown solution was
formed. After 15 minutes, the deprotection was judged complete by TLC analysis (Rf = 0.20 in 1:1
hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo, washed with 1 mL of
ethyl acetate, and again concentrated in vacuo to yield a brown oil. Next, 2 mL (0.5 M) of
dichloromethane was added to the resulting solid to form a brown suspension. 4methylbenzaldehyde (236 μL, 2 mmol) was added directly and in one portion to form an orange
suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2 mmol) was added
dropwise via syringe and yielded a purple mixture. After 1 hour, sodium triacetoxyborohydride
(636 mg, 3 mmol) was added directly to the reaction mixture in one portion (bubbling and
exotherm) and turned into a red mixture. After 24 hours, 20 mL of 20% (w/v) NaOH (aq) was
added to the reaction mixture then 20 mL of dichloromethane. The resulting two layers were
separated and the aqueous layer was extracted with dichloromethane (3x15mL). The combined
organic layers were washed with 30 mL of brine, dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield a red/brown oil. 1H
NMR analysis using mesitylene internal standard indicated a crude yield of 83%. The crude was
concentrated again and dissolved in 50 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0oC then needle filtered at room
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temperature. The resulting solid was washed with 50 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield a crude red/purple solid. The
resulting solid was subject to a silica plug (1:1 hexanes: ethyl acetate). Crude was concentrated
then further purified when recrystallized in 10 mL hexanes to yield 253 mg of a slight orange solid
(78%).
MP 65-66 °C
Rf 0.47 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.84 (s, 1H), 7.59 (m, 2H), 7.25 (d, J= 7.9 Hz, 2H), 7.17 (d, J=

7.9 Hz, 2H), 4.46 (bm, 1H), 4.41 (d, J= 5.4 Hz, 2H), 2.35 (s, 3H)
13C NMR (100 MHz, CDCl

3) δ= 143.9, 139.3, 137.5, 134.9, 133.8, 132.9, 129.7, 127.5, 95.1, 48.1,

21.3
FT-IR (KBr, pellet) ν = 3396, 3034, 2908, 2855, 1896, 1846, 1801, 1722, 1632, 1564, 1503, 1417,
1323, 1238, 1061, 865, 795, 657, 554, 481, 431 cm-1
Anal. Calc. C13H13IN2 C, 48.17; H, 4.04; N, 8.64 Found. C, 48.16; H, 3.93; N, 8.53
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N-(4-chlorobenzyl)-3-amino-4-iodopyridine (83c)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-iodopyridine
(1.0 mmol, 320 mg, recrystallized) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via
syringe under argon at ambient temperature. Vigorous gas evolution was observed and a pale
yellow solution was formed. After 15 minutes, the deprotection was judged complete by TLC
analysis (Rf = 0.20 in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo,
washed with 1 mL of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid.
Next, 2 mL (0.5 M) of dichloromethane was added to the resulting solid to form a pale yellow
suspension. 4-chlorobenzaldehyde (281 mg, 2 mmol) was added directly and in one portion to
form a pale yellow suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2
mmol) was added dropwise via syringe and yielded a purple mixture. After 1 hour, sodium
triacetoxyborohydride (636 mg, 3 mmol) was added directly to the reaction mixture in one portion
(bubbling and exotherm) and turned into a brown mixture. After 24 hours, 20 mL of 20% (w/v)
NaOH (aq) was added to the reaction mixture then 20 mL of dichloromethane. The resulting two
layers were separated and the aqueous layer was extracted with dichloromethane (3x15mL). The
combined organic layers were washed with 30 mL of brine, dried over anhydrous magnesium
sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown
solid. 1H NMR analysis using mesitylene internal standard indicated a crude yield of 91%. The
crude was concentrated again and dissolved in 25 mL of reagent grade diethyl ether then added 2
mL of ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at
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room temperature. The resulting solid was washed with 25 mL of diethyl ether and needle filtered
again. The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20%
NaOH. Separated the resulting two layers and extracted the aqueous layer with dichloromethane
(2 x 15 mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered
through a coarse porosity fritted funnel and concentrated in vacuo to yield 303 mg of white solid
(88%).
MP 107-114 °C
Rf 0.40 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.78 (s, 1H), 7.60 (m, 2H), 7.36-7.27 (m, 4H), 4.52 (bm, 1H),

4.44 (d, J= 5.6 Hz, 2H)
13C

NMR (100 MHz, CDCl3) δ= 143.6, 139.7, 136.5, 133.8, 133.6, 132.8, 129.2, 128.7, 95.3, 47.7

FT-IR (KBr, pellet) ν = 3389, 3043, 2929, 2868, 1884, 1620, 1559, 1497, 1446, 1324, 1226, 1115,
1010, 821, 791, 656, 562, 479, 420 cm-1
Anal. Calc. C12H10ClIN2 C, 41.83; H, 2.93; N, 8.13 Found. C, 41.76; H, 2.98; N, 8.05
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N-(2,3-dimethoxybenzyl)-3-amino-4-iodopyridine (83d)

To a 25 mL round bottom flask and magnetic stir bar was added N-Boc-3-amino-4-iodopyridine
(1.0 mmol, 320 mg, recrystallized) and trifluoroacetic acid neat (741 μL, 10 mmol) was added via
syringe under argon at ambient temperature. Vigorous gas evolution was observed and a pale
yellow solution was formed. After 15 minutes, the deprotection was judged complete by TLC
analysis (Rf = 0.20 in 1:1 hexanes: ethyl acetate). The reaction mixture was concentrated in vacuo,
washed with 1 mL of ethyl acetate, and again concentrated in vacuo to yield a pale yellow solid.
Next, 2 mL (0.5 M) of dichloromethane was added to the resulting solid to form a pale yellow
suspension. 2,3-dimethoxybenzaldehyde (332 mg, 2 mmol) was added directly and in one portion
to form a pale yellow suspension. Trimethysilyl trifluoromethanesulfonate (TMSOTf) (362 μL, 2
mmol) was added dropwise via syringe and yielded a dark orange mixture. After 1 hour, sodium
triacetoxyborohydride (636 mg, 3 mmol) was added directly to the reaction mixture in one portion
(bubbling and exotherm) and turned into a brown mixture. After 24 hours, 20 mL of 20% (w/v)
NaOH (aq) was added to the reaction mixture then 20 mL of dichloromethane. The resulting two
layers were separated and the aqueous layer was extracted with dichloromethane (3x15mL). The
combined organic layers were washed with 30 mL of brine, dried over anhydrous magnesium
sulfate, filtered through a coarse porosity fritted funnel and concentrated in vacuo to yield a brown
oil. 1H NMR analysis using mesitylene internal standard indicated a crude yield of 93%. The crude
was concentrated again and dissolved in 25 mL of reagent grade diethyl ether then added 2 mL of
ethereal 1M HCl. The resulting slurry was stirred for 1 hour at 0 °C then needle filtered at room
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temperature. The resulting solid was washed with 25 mL of diethyl ether and needle filtered again.
The resulting solid was collected with 20 mL dichloromethane and 20 mL aqueous 20% NaOH.
Separated the resulting two layers and extracted the aqueous layer with dichloromethane (2 x 15
mL). The combined organic layers were dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel and concentrated in vacuo to yield 317 mg of brown/red solid
(85%).
MP 118-120 °C
Rf 0.35 1:1 ethyl acetate: hexanes
1H

NMR (400 MHz, CDCl3) δ= 7.90 (s, 1H), 7.57 (m, 2H), 7.03 (t, J= 8.0 Hz, 1H), 6.89 (m, 2H),

7.17 (d, J= 8.0 Hz, 2H), 4.57 (bm, 1H), 4.47 (d, J= 5.8 Hz, 2H), 3.91 (s, 3H), 3.88 (s, 3H)
13C

NMR (100 MHz, CDCl3) δ= 153.0, 147.4, 144.0, 139.2, 133.8, 131.5, 124.3, 120.7, 112.3,

95.1, 61.0, 56.0, 43.5
FT-IR (KBr, pellet) ν = 3413, 3001, 2970, 2935, 2834, 1561, 1479, 1410, 1324, 1270, 1221, 1085,
1045, 1001, 900, 813, 785, 749, 655, 502, 441 cm-1
Anal. Calc. C14H15IN2O2 C, 45.42; H, 4.08; N, 7.57 Found. C, 45.50; H, 4.09; N, 7.55
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N-Boc-3-aminopyridine34 (54)

To a 250 mL, 3-neck round bottom flask equipped with 100 mL addition funnel with a 24/40
adaptor and magnetic stir bar was charged with 3-aminopyridine (20 g, 213 mmol), isopropanol
(60 mL), and deionized water (23 mL) were added to give a solution was cool to 0 °C in an ice
bath. Addition funnel was charged with a solution of di-tert-butyl dicarbonate (53 g, 244 mmol)
in isopropanol (30 mL). Gas evolution occurred during the dropwise addition. Upon completion
of the dropwise addition, the reaction was removed from ice bath, allowed to warm to room
temperature and react overnight. Reaction was concentrated in vacuo and the resulting thick oil
was dissolved in methyl-tert-butyl ether. The resulting two layers were separated with a separatory
funnel. The aqueous layer was extracted with methyl-tert-butyl ether three times. The collected
organic was washed with brine, dried over anhydrous magnesium sulfate, filtered through a coarse
porosity fritted filter, then concentrated in vacuo to yield 35.5 grams of white solid (86%).
MP 115-117 °C
1H

NMR (400 MHz, CDCl3) δ= 8.43 (d, J= 2.4 Hz, 1H), 8.28 (dd, J= 4.7, 1.4 Hz, 1H), 7.97 (d, J=

7.0 Hz, 1H), 7.24 (dd, J= 8.4, 4.7 Hz, 1H), 6.57 (bs, 1H), 1.53 (s, 9H)
13C

NMR (100MHz, CDCl3) δ = 152.8, 144.4, 140.3, 135.4, 125.7, 123.7, 81.4, 28.4
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N-(ethyl)-3-amino-4-chloropyridine (74)

Reaction performed by Tomas Smith: To a 100 mL, flame-dried, round-bottom flask equipped
with a magnetic stir was charged with N-Boc-3-amino-4-chloropyridine (1.14 grams, 5 mmol) and
DMF (0.5M). The resulting solution was cooled to 0 °C (ice-water) and sodium hydride (60% by
wt, 300 mg, 7.5 mmol) was added (CAUTION: gas evolution) to give an orange solution. After 1
hour, bromoethane (0.56 mL, 7.5 mmol) was added dropwise via syringe at 0 °C. After addition
was complete the cooling bath was removed and the reaction mixture was allowed to warm to
room temperature. After 30 minutes at room temperature the reaction mixture was quenched with
10 mL water. The resulting layers were separated and the aqueous layer was extracted with ethyl
acetate (3 x 15 ml). The organic layers were collected, washed with 30 mL brine, dried over
anhydrous magnesium sulfate, filtered through a coarse porosity fritted funnel and concentrated in
vacuo to yield a yellow oil. The crude mixture was diluted in 10 mL DCM and 3.5 mL of TFA
was added dropwise via syringe. The reaction was monitored by TLC and upon completion the
reaction was quenched with water and then NaOH (aq) 20% (w/v) was added until the aqueous
layer was pH 8. The aqueous layer was then extracted with 3 x 15 mL of DCM. The combined
organic layers were washed with brine, dried over anhydrous magnesium sulfate, filtered through
a coarse porosity fritted funnel, and concentrated in vacuo. The crude material was subjected to
flash column chromatography (2.5cm x 15cm) eluted with 1L 10% ethyl acetate: hexanes solution
to yield 224 mg of white solid (29%).
MP 26-27 °C
Rf = 0.4 1:1 ethyl acetate: hexanes
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1H

NMR (400MHz, CDCl3) δ = 8.03 (s, 1H), 7.87 (d, J = 4.8 Hz, 1H), 7.17 (d, J = 5.2 Hz, 1H),

4.09 (s, 1H), 3.28 (m, 2H), 1.34 (t, J = 14.4 Hz, 3H)
13C

NMR (100MHz, CDCl3) δ = 140.6, 138.4, 133.4, 127.3, 123.7, 38.0, 14.7

FT-IR (KBr, pellet): 3410, 2969, 1579, 1507, 1414, 1325 cm-1
Anal. Calc. C7H9ClN2 C, 53.68; H, 5.79; N, 17.89 Found C, 53.72; 5.74; N, 17.88
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